To evaluate the effect of different levels of qualitative feed restriction (0, 5, 10, 15 and 20%) 
INTRODUCTION
Slaughter * weight of swine has been increasing in last years, including Brazil. System of typification offers the best value for heavyweight carcasses, since animals do not deposit excessive fat (Sainz and Araújo, 2001 ). However, heavier swines typically present fattier carcasses and to control fat deposition, the reduction of energy intake can be used . Qualitative feed restriction is based on the inclusion of low density ingredient to diets providing less intake of energy (Ramonet et al., 1999) . However, variations on either quantity or type of * Author for correspondence: thomaz@fcav.unesp.br diets may interfere on meat quality. Pork quality involves many characteristics, such as colour, flavor, juiciness, tenderness, cooking losses, nutritional levels, etc. Intramuscular fat content is influenced by energy and composition of diet (Fernandes et al., 1999; Petigrew and Esnaola, 2001 ) and shows influence in pork flavor, juiciness and tenderness (Brewer et al., 2001) . Feed restriction and diet composition changes intramuscular fat content, fatty acid profile and sensorial characteristics of pork meat (Cameron et al., 2000) . According to Ellis et al. (1996) , feed restriction reduces pork tenderness. Characteristics of muscle fiber, such as kind of metabolism and area (size) are related with colour and water holding capacity of pork. Fibers with glycolitycal metabolism are related with the development of PSE -pale, soft and exsudative condition in meat (Klont et al., 1998) . On the other hand, effects of feed restriction for growing pigs on morpho-histochemistry of muscle fiber have not been defined yet, and several different results have been observed (Lefaucher and Gerrard, 1998) . The aim of this study was to evaluate the qualitative meat characteristics as well as morphohistochemical patterns of muscle fibers from pigs subjected to qualitative feed restriction from 89 to 128 kg BW.
MATERIALS AND METHODS
Housing animals, and experimental diets Sixty castrated males purchased from a commercial operation (crossbred swines selected for lean meat production) were allotted in individual pens (2.55m 2 ) equipped with semiautomatic feeders and communicating vessel drinkers. After two weeks adjustment period, animals reached 89.1 ± 4.2 kg BW, next to slaughter weight practiced in Brazil and a group of ten swines with weight around the average (89.3 ± 2.2 kg) were slaughtered (a reference weight group). Other 50 pigs were fed experimental diets formulated to supply different levels of qualitative restriction (Table 1) . During adjustment period, the animals were fed corn-soy diet with 3400 kcal DE/kg, 0.63, 0.47, and 0.17% of digestible lysine, calcium and available phosphorus, respectively.
Management and slaughter of animals
Animals had ad lib access to feed and water throughout the adjustment and experimental periods. Slaughter of the heavy swines occurred weekly when reaching approximately 128 kg BW, composing a total of five groups apart from that first group slaughtered with 89 kg BW (reference weight). After 12h of feed fast period, animals were loaded in a wooden body truck. The interior divisions were openned or closed, according to the number of animals, in order to minimize the discrepancy in the density of the weekly groups along the transportation to the slaughter plant. Time of loading, transportation, and unshipping took about 2h. After 2-h rest, swines were slaughtered. Carcass was obtained after stunning with electric charge, bleeding, scalding, scraping, and evisceration. Every slaughtering procedure was done using the same method.
Collection and preparation of muscles samples for histological analysis
With the aid of a lancet, cubic samples of Multifidus dorsi muscle from lumbar region were colleted at the slaughter line. This muscle has respectively origin and insertion on lateral and spinous processes of vertebras thus, M. dorsi is disposed along the vertebral column, deeper than Longissimus muscle (Jones et al. 2006) . After longitudinal opening of carcasses, M. dorsi is exposed between the lumbar vertebrae bodies and the backfat, being possible to access to this muscle without transversal cuts of carcass. Samples were cut in 0.5 x 0.5 x 0.8 cm pieces, dried in neutral power talcum for cryo protection (Fonseca et al., 2003) , submerged in liquid nitrogen, and disposed in labeled chilled eppendorf. Samples were transported in liquid nitrogen bottle and stored in a freezer at -70 o C. Afterwards, 10-µm-thick semi-serial cross slices were obtained using cryostat apparatus at -20 o C. Each piece was disposed in identified slide which was maintained in a freezer at -70 o C until subsequent staining could be performed within a week. The slides were histochemically processed for evaluation of myosin twitch property and type of metabolism of the muscle fiber. The slides were dried at room temperature (22 to 25 o C) for 40 min. For contraction capacity of muscle fiber, ATPase myofiber (m-ATPase) assay was employed. The pieces were fixed in 5% buffered formalin; 0.34 M sucrose, 0.13 M sodium cacodylate, and 0.17 M calcium chloride, adjusted to pH 7.4 with potassium hydroxide for 6 min at room temperature, washed in 21 mM TRIS-base buffer; 3.4 mM calcium chloride at pH 7.8 adjusted with chloride acid (Guth and Samaha, 1970) . Thus, samples were pre-incubated in 52 nM potassium acetate solution containing 17.7 mM calcium chloride adjusted to pH 4.5 with glacial acetic acid for 6 min at room temperature (Ogilvie and Feeback, 1990) , followed by new washing with TRIS-base buffer. Basic incubation was done in 2.5 mM ATP solution, 40 mM glicine, and 20 mM calcium chloride adjusted to pH 10.5 using potassium hydroxide for 5 min at 37 o C (Ennion et al., 1995) . Slides were washed in 1% calcium chloride solution during 3 min, stained with 1% toluidine blue for 10 sec, dehydrated in graded ethanol solutions, diaphanized in xilol, and then mounted in entelan (Ogilvie and Feeback, 1990) . For evaluation of oxidative-glicolytic cellular metabolism, NADH-TR method (Dubowitz and Brooke, 1973) was applied. After drying, pieces were incubated at 37 o C for 40 min in TRIS 0.2 M buffer solutions at pH 7.4 containing 8 mg of reduced NADH and 10 mg of NitroBlueTetrazólio / 10 mL. After washing in distilled water, slides were fixed in buffered formalin at 5%, rewashed in distilled water, and finally mounted in entelan. Muscle fibers were classified according to Peter et al. (1972) 2 in area were examined using 20x magnification.
Qualitative evaluation of meat
Longissimus lumborum muscle was evaluated. The pH of the muscle was determined in hot carcass 45 min post mortem (pH 45´) and in chilled carcass maintained in frozen chamber (-2ºC) for 24 h (pH 24h ), using pHMETER DIGITAL TEXTO 230 ® .
A 20-cm-thick chop of L. lumborum muscle, without adjacent fat was removed and physical analyzes of meat were done immediately. L* (lightness), a* (redness), and b* (yellowness) evaluations (MINOLTA ® colorimeter) of meat samples (± 2cm tick) were taken at 40 min after air exposure for reaction of myoglobin with atmospheric oxygen (Shimokomaki, 2003) . Cuts were processed in oven to determine the cooking losses. Cylindrical fragments of cooked chops were tested in a TEXTURE ANALYZER TA-XT-125 ® apparatus for mensuration of shear force (Corte et al., 1979) . Water holding capacity of raw meat was also determined in 2g-fragments involved in filter paper, and compressed under a 2-kg weight (Hamm, 1986) . Chops of Longissimus were stored in a freezer (-20 o C) until subsequent chemical analysis was performed. Chloroform-methanol (2:1) extraction of fat by solubilization was done to determine the total fat content after drying the extract (Bligh and Dyer, 1959) . Determination of cholesterol levels of the meat was taken by saponification of extract obtained by solubilization in chloroform-ethanol (2:1) solution, followed by colorimetric reading (Bragnolo and Rodriguez-Amaya, 2002) . Following the same procedure of fat extraction (Bligh and Dyer, 1959) , concentrated extracts obtained in a rotoevaporator (60ºC) were utilized for fatty acid sterification (Bragnolo and Rodriguez-Amaya, 2002) . Fatty acid profiles were analyzed through the injection of 1 µL of the extract in gas chromatography equipment (SHIMATZU GC-14B ® ), with initial and final column temperatures 100 and 220 o C, respectively, rising at 4 o C per min. SIGMA ® standard catalogue 189-9 was adopted as reference of fatty acid reading.
Statistical analyses
All obtained data were tested for normality of error distributions (Shapiro-Wilk's test at 5%) and homogeneity of variance (Levene's test at 5%) among the treatments before the analysis of variance that was processed by PROC GLM of SAS (1998) software, according to following model: 
RESULTS AND DISCUSSION
Four animals were removed from the experimental groups due to obit, testicles retention in abdominal cavity, leg problems, and others for culling. Five samples prepared for morpho-hystochemical analysis were discarded since no feasible microscope images were obtained. Fatty acid profile and frequency of SO fiber data did not show normal curves (P<0.05), being submitted to arc-sin transformations.
Physical quality of meat
The effect of qualitative restriction on pork characteristics are shown in Table 2 . Even adopting rigorous standard procedure for preslaughtering, effects of the day were observed (P<0.01) since it was not possible to control all the variables, mainly those related to environment. Qualitative feed restriction increased (P=0.085) pH 45´ and water holding capacity (P=0.04), and reduced (P<0.05) a* and b* values of pork loin. The other characteristics did not respond to the qualitative restriction levels. Reduction of meat pH after slaughter occurs as consequence of conversion of glycogen content of the muscle into lactic acid. Thus, the more glycogen the muscle contains at the time of slaughter, more fastly drop of pH occurs, lowering the pH 45´ (Warriss, 1995) . Thus, the energetic restriction may decrease the reserve of muscular glycogen, slowing meat acidification and promoting higher pH 45´ as the levels of qualitative feed restriction increase. Lower values of pH 45´ are correlated to lower water holding capacity of the meat as consequence of modifications of the sarcoplasmatic proteins that occur after fast muscular acidification (Garrido et al., 1994) . L*, a* and b* values are related to meat color; higher values are indicative of higher lightness, redness and yellowness, respectively, of the meat (Warriss, 1995) . High levels of qualitative feed restriction determined a decrease in colorness of the pork meat. To dilute the energy content, rice hulls replaced corn in the experimental diets composition, reducing their carotene content. As mentioned by Akiba et al. (2001) , there was a linear relationship between concentration of carotene in the diet and color of broiler meat. Pork characteristics of 89-kg-BW slaughtered swines are shown in Table 3 . The meat of heavy animals showed numerical higher values of pH 24h , L*, a*, b*, and cooking losses; lower values of pH 45´, water holding capacity, and shear force. 
6.14 ± 0.08 6.19 ± 0.08 6.25 ± 0. 49.7 ± 0,5 6.98 ± 0.20 2.25 ± 0.13 69.9 ± 0.7 32.1 ± 0,7 3.05 ± 0.13
(1) WHC -water holding capacity; CL -cooking losses; SF -shear force According to Garrido et al. (1994) , values of pH 45´ < 6.1, and L* > 60 are indicative of PSE meat with high water loss as result of sarcoplasmatic protein denaturation due to fast muscular acidification; pH 24h > 6.0, and L* < 48 are indicative of DFD carcass that shows high water holding, as consequence of the small reduction in the ultimate pH of the meat (Warriss, 1995; Fernandez et al., 1999) . Thus, although all the tested carcasses showed pH values within normal range, 128-kg-BW slaughtered swines presented lower pH 45 and higher water losses, characteristics closer to PSE conditions than animals slaughtered with 89 kg BW. However, slaughter of heavy animals occurred at average temperature of 15.9ºC at the moment of departure, while 89-kg-BW swinbes were removed to slaughter plant at 11.1ºC. According to Guárdia et al. (2004) , increased temperature was co-related to higher incidence of PSE pork meat, so that diverse environment conditions at the time of slaughter probably influenced the differences on meat quality here recorded.
Higher color intensity (a* and b* values) observed for the carcasses of heavy animals could be attributed to carotenoids of corn. Swines were fed sorghum-based-diet at previous farm. Nevertheless, the particular effects of the BW could not be omitted, since Ellis et al. (1996) observed increase in muscle colour and Latorre et al. (2004) described higher redness and concentration of myoglobin in the meat as BW of swine increases. Ellis et al. (1996) , Cisneros et al. (1996) and Latorre et al. (2004) recorded respectively increase, numerically reduction and no alteration on shear force value of pork with higher slaughter weight. However, the reduction of tenderness scores with slaughter weight was more evident, although shear force value was an indicative of tenderness. This contradictory observation could be due the subjective indication of tenderness that might be influenced by juiciness (Warriss, 1995) . This variable was influenced by water holding capacity which was reduced in heavier animals, as in this trial as recorded by Ellis et al. (1996) and Cisneros et al. (1996) . Table 4 shows fat composition of loin pork related to qualitative levels of feed restriction. Quadradic effect (P=0.08) was observed for oleic fatty acid (18:1n9) showing calculated maximum point of 12.6% of qualitative restriction. Also linear reduction on cholesterol content of (P<0.05) loin in response to increased qualitative restriction levels was observed. Other analyzed traits did not respond (P>0.1) to experimental diets. Acording to Kay (1982) , the presence of cellulose and lignin in diet increase the biliar salts excretion, what would represent a way to increase the catabolism of cholesterol. Cecal fiber fermentation can produce components that contribute to reduce cholesterol syntesis (Delaney et al., 2003) . However, animals do not show serum cholesterol reduction (not published data) with the increase of fiber in the diet. Nutritional effect in reduction of pork cholesterol content was observed by Souza and Silva (2006) . Thus, although the serum concentrate was kept constant, less cholesterol was deposited in muscle, according to the energy content of diet was reduced by fiber inclusion.
Meat fat composition
Level of unsaturated fatty acid is inversely related to the content of meat intramuscular fat (Affentranger et al., 1996; Cameron et al., 2000) . Data reported by Affentranger et al. (1996) indicated that unsaturated fatty acid levels increased when intramuscular fat content was reduced by feed restriction. In the present work, lipid content was not affected by the energy intake. However, oleic acid showed response to the diets. Quantitative restriction decreased C18 fatty acids (including oleic acid) percentage in pork loin, without changing in other fatty acids (Cameron et al., 2000) . In this trial, treatments differed in energy, fat (corn was replaced by rice hulls) and fiber content, what could promote the quadratic comportament of the oleic acid level in pork loin. Beyond lower quantity of cholesterol content, the presence of monoinsusatured fatty acids in diets of human nutrition is recommended (Garnier et al., 2003) . Thus, qualitative feed restriction levels improved the lipid composition of loin on the point of human nutrition. Total lipid content is related with meat intramuscular fat and is considered important factor in the determination of sensorial characteristics (Fernandez et al., 1999) . The absence of diet effects on lipid content shows the viability of the use of qualitative feed restriction for heavy pigs. However, the numerical lower value observed for 20% restriction level (2.86%) indicated that further increase in the level of restriction could reduce the loin lipid content, although this value was within the minimum 2 to 3% required to confer flavor and succulence to pork meat (Warris, 1995) . Lipid composition of meat from 89-kg-BW slaughter swines is shown in Table 5 . The meat from heavy pigs showed numerical greater levels of oleic acid, and monounsatured and saturated fatty acids, and lower levels of polyunsaturated fatty acids. The level of cholesterol was similar to the heavy pigs, but the value is numerically different for 15 and 20%-qualitative restriction diets. The fat deposition in swine increases with the weight, either in backfat or intramuscular fat (Cisneros et al., 1996) and, as discussed, intramuscular fat content is inversally proportional to unsaturated fat. So, the slaughter of heavier animals could result in modification of fatty acid profile because total lipids content on loin numerically increased with the higher slaughter weight, except for the animals submitted to 20%-qualitative restriction diets. In contrast to water holding capacity, the highest content of lipid observed on heavy swine contributes positively with the juiciness (Warriss, 1995) and tenderness (Fernandes et al., 1999) traits.
Morpho-histochemical characteristics
Results of fiber tipification are showed at Table 6 and Figure 1 . Strong reaction for nadh-tr method (dark-gray color) indicated oxidative metabolism.
Comparing nadh-tr and atp-ase slides it was observed that light and intermediate-gray fibers (glycolityc and oxidative-glycolityc metabolism) showed dark-blue color, strong reaction in atp-ase method and they were classified as FG and FOG fibers, respectively. Light-blue fibers in atp-ase method showed dark-gray color in nadh-tr method, indicating slow-twich and oxidative metabolism (SO) fiber. Data related to frequency and area of cross sections of muscular type fibers of Multifidus muscle are presented in Table 7 . Frequencies of fiber types were not significantly different (P>0.1). Quadratic effect (P=0.08) for area of SO fiber was achieved, obtaining the highest area value at 10.5% of qualitative restriction. Although no significant (P>0.1) results were observed for the areas of the other fiber types, it was worth noting that the same standard of SO fiber values were obtained. Quadratic equations demonstrated that maximum values for FG and FOG fibers were 10.1% and 11.7%, respectively. The mean value was 10.8%, taking into account all three obtained results, number being very close to statistically significant data found for SO fibers. Animals showed higher content of lean meat as consequence of qualitative feed restriction. The increase of muscular mass occurs mainly due to the process of fiber hypertrophy, or by increase of cellular area. According to the present results, the highest hypertrophy of Multifidus muscle was observed at a level of 11% of qualitative feed restriction. 27.4 ± 2.6 31.6 ± 3.0 21.2 ± 2.2 21.5 ± 2.2 30.9 ± 2.4 NS FG 59.0 ± 2.3 54.9 ± 2.7 52.6 ± 2.0 55.3 ± 2.0 53.7 ± 2.1 NS FOG 13.6 ± 2.1 13.5 ± 2.5 16.2 ± 1.9 13.2 ± 1.8 15. 
SO
Assuming that all fibers responded in a similar pattern to diets, qualitative feed restriction did not determine the differential development of SO, FG or FOG fibers, not even modification on frequencies of type fibers occurred. According to Lefaucher and Gerrard (1998) , energetic restrictions increase the muscle fiber areas, but does not alter proportion among the cellular types, at least during the growth and finishing phases of pigs. Gondret et al. (2000) did not observe effect of feed restriction for finishing rabbits on muscle fiber areas, but authors reported a proportional reduction of oxidative fibers in Longissimus muscle. No response on the others tested muscles of restricted animals, biceps femoris and semimembranosus were recorded. Thus, responses among muscles to nutritional inducement appear variable. Besides, maximum level of restriction used here was 20% that was lower than plane of restriction causing some cellular modulations on other sorts of studied animals. Thus, intensity of feed restriction together with divergent results observed among different muscles could justify the lack of response on the frequency of type fibers. Table 8 shows values related to each fiber type of swine M. dorsi muscle. FG was the most abundant fiber type observed. However, its frequency was lower than observed on Longissimus and on light part of Semitendinosus by Bee (2004) . Frequency of SO fibers was higher than FOGs' in the present trial, but it was not observed by Bee (2004) , even on the dark portion of Semitendinosus. The profile of fibers observed in the M. dorsi was closer than red meats, with proportionally higher frequency of oxidative fibers. Local stabilization muscles showed this profile, in contrast to global mobilization muscles, such as Longissimus ones (Schilling, 2005) . (Bowker et al., 2000; Picard et al., 2002) , mainly regarding to meat susceptibility to PSE condition But, although the relations envolved different muscles, correlations here observed were higher than those values described by Klosowska and Fiedler (2003) , ranging from 0.10 to 0.21 for Longissimus muscle. Klont et al. (1998) reported negative and positive relationships of glicolytic fibers with water holding capacity and intramuscular fat content, in partial agreement with observed correlations of this study. FOG showed intermediate characteristics as related to SO fibers, red and dependent on lipid supply, and FG, white and with glicolytic store (Picard et al., 2002) . However, relations among different muscles have some signification if variations on the characteristics of Multifidus are also observed for Longissimus. Morphochemical characteristics of muscles depend on their localizations and their functions (Lefaucheur and Gerrard, 1998) .
Multifidus and Longissimus muscles are adjacent at lumbar region, being the first located closer to vertebral column and functioning exclusively on its sustainability, while the second is responsible for lateral, extension and flexion movements of the column (Jones et al., 2006) , contributing to differences among these muscles. On the other hand, FG and FOG distribution around SO as shown in Figure 1 , could be worth to notice, forming cluster arrangements as observed by Fonseca et al. (2003) for swine Longissimus.
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RESUMO
Para avaliar o efeito de diferentes níveis de restrição alimentar qualitative (0, 5, 10, 15 e 20%) sobre a qualidade da carne e características morfohistoquímicas musculares, sessenta suínos machos castrados foram utilizados. Dez suínos formaram o grupo abatido inicialmente (89 kg PV) e outros 50 suínos foram alimentados com as dietas experimentais e foram abatidos aos 128 kg PV. A restrição qualitativa aumentou o pH 45 , e a capacidade de retenção de água, bem como reduziu a coloração vermelha e amarela, e o teor de colesterol do músculo Longissimus lumborum. Tendência quadrática para conteúdo de ácido oléico do lombo e da área de seção transversal do músculo Multifidus dorsi (P=0.08) foram observada, com ponto de máxima em11-12% de restrição. Não foi encontrado efeito (P>0.1) na porcentagem de fibras SO, FG e FOG no músculo Multifidus. A carne dos animais abatidos aos 128 kg PV apresentou valores numericamente maiores para coloração, perda de água e conteúdo lipídico, bem como menor força de cisalhamento que a dos animais abatidos aos 89 kg PV. Restrição alimentar qualitativa para suínos em terminação não afeta negativamente a qualidade da carne nem altera o padrão de fibras musculares.
